ABSTRACT Aging, HIV infection, and antiretroviral therapy have been associated with increasing rates of chronic comorbidities in patients with HIV. Urban minority populations in particular are affected by both the HIV/AIDS and chronic disease epidemics. Our objectives were to estimate the prevalence of and risk factors for hypertension, dyslipidemia, and diabetes among HIV-infected adults in the Bronx and describe comorbidity-related treatment outcomes. This was a cross-sectional study of 854 HIV-positive adults receiving care at 11 clinics which provide HIV primary care services; clinics were affiliated with a large urban academic medical center. Data on blood pressure (BP), cholesterol, and glycemic control were collected through standardized chart review of outpatient medical records. We found prevalence rates of 26%, 48%, and 13% for hypertension, dyslipidemia, and diabetes, respectively. Older age, obesity, family history, and current protease inhibitor use were consistently associated with comorbidity. Diabetes treatment goals were achieved less often than BP and lipid goals, and concurrent diabetes was a significant predictor for BP and lipid control. In conclusion, major cardiovascular-related comorbidities are prevalent among HIVpositive adults in the Bronx, especially older and obese individuals. Differences exist in comorbidity-related treatment outcomes, especially for patients with concurrent diabetes. Because cardiovascular risk is modifiable, effective treatment of related comorbidities may improve morbidity and mortality in HIV-infected patients.
INTRODUCTION
Combination antiretroviral therapy (cART) markedly improves survival for HIVinfected patients, and much research now focuses on the development and impact of chronic complications and comorbidities among the aging HIV-positive population. Increased rates of dyslipidemia, cardiovascular disease, and diabetes are welldocumented, [1] [2] [3] with multiple factors (inflammation caused by HIV, antiretroviral effects, traditional risk factors, etc.) accounting for these findings. These comorbid-ities also contribute to changing trends in mortality in the HIV-infected population. Leading causes of death have shifted dramatically from opportunistic infections to non-AIDS-related diagnoses-notably chronic liver, kidney, and cardiovascular diseases. 4 Because effective prevention and management of these conditions may improve morbidity and mortality, it is important to better characterize comorbidityrelated delivery of care and treatment outcomes among patients with HIV/AIDS. However, very little has been published on these issues. 5, 6 HIV/AIDS and other major chronic illnesses are prevalent among low-income and urban residents, [7] [8] [9] putting these populations at risk for adverse health outcomes including death. This is likely due to several reasons including differential access to (or utilization of) health services and resources, differences in the quality of care received, and other environmental/health behavior-related factors. To address these inequalities, researchers, medical systems, and public health organizations must adequately describe the scope of such disparities in order to develop targeted interventions and appropriate measures of evaluation.
The purposes of this study were to (1) estimate the prevalence of and risk factors for comorbid hypertension, dyslipidemia, and diabetes in a sample of HIV-infected adults in the Bronx, and (2) describe comorbidity-related care and treatment outcomes among this urban, at-risk population.
METHODS
Research Subjects. Subjects were non-pregnant, HIV-positive adults (18 years and older) who initiated HIV and primary medical care at study sites between January 1, 2005 and December 31, 2007 and were followed through December 31, 2008. Subjects must have received all medical treatment at either the hospital-based specialty center or within the community-based network (see below) during the study period, with at least one medical visit per year. Subjects were excluded if they transferred care between a study site and non-study site, as complete data were not able to be collected for these patients.
Study Sites and Providers. Subjects received care at Montefiore Medical Center, a large academically affiliated, integrated healthcare delivery system in the Bronx, NY. Montefiore provides outpatient care to HIV-positive individuals in various settings, 2 of which are a hospital-based HIV/AIDS center and community-based HIV program. Both the hospital specialty center and clinics participating in the community-based program offer long-term comprehensive management of patients' chronic medical issues (both HIV and non-HIV-related). Non-HIV-related issues are addressed by each patient's primary care provider-who is an infectious diseasetrained clinician at the specialty center, a generalist-trained HIV expert in the community-based program, or a non-HIV-expert generalist in the community-based program.
Study Design. This was a cross-sectional study.
Outcome Measures. Six treatment outcomes were assessed, including both processand disease-related measures. Process-related measures were: (1) proportion of medical visits with documented blood pressure, (2) whether LDL-cholesterol (LDL-C) was checked yearly and within 6 months of starting new cART, 10 and (3) frequency of hemoglobin A1c measurements. Disease-related measures were: (1) proportion of blood pressure measurements at goal as defined by the 7th Report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure (JNC7); 11 (2) proportion of LDL-C measurements at goal as defined by the 3rd Report of the National Cholesterol Education Program Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults (NCEP ATPIII); 12 and (3) proportion of hemoglobin A1c values G7% as recommended by the American Diabetes Association (ADA). 13 "Comorbid hypertension" was defined according to JNC7 criteria; "comorbid dyslipidemia" was defined as a history of lipid-lowering medication use or according to NCEP ATPIII guidelines; "comorbid diabetes" was defined according to ADA definitions. For comorbidity prevalence, subjects were considered to have comorbid disease if it was already identified prior to the study period or if disease developed at any time during this observation period.
Data Collection. Data were collected by one author (CC) from outpatient records and the medical center's electronic clinical information system, which houses data on numerous demographic and clinical variables as well as results from all diagnostic and laboratory tests performed at Montefiore since the system's implementation in 1997. In addition to longitudinal laboratory data, the system contains medication records through a computerized physician order entry system. An electronic standardized chart abstraction tool, adapted from established quality improvement initiatives and research protocols, was developed and translated into Microsoft Access.
Statistical Analyses. Statistical analyses were performed using Stata/IC v. 10.1 (StataCorp LP, College Station, TX). After inspecting data for accuracy and consistency, categorical data were compared with Pearson's chi-square or Fisher's exact test and continuous data were compared with Student's t test or Wilcoxon rank-sum test as appropriate. Continuous data with non-normal distributions were tested using both parametric and non-parametric methods. When there was no difference in significance, results are reported based on parametric testing; if there was a difference, the more conservative non-parametric estimate is given.
Separate multivariate logistic regression models for the presence of comorbid disease (hypertension, dyslipidemia, and diabetes) were constructed. Variables identified for possible inclusion were either clinically relevant based on demographic and HIV-specific considerations (age, sex, HIV transmission risk factor, time since HIV diagnosis, history of AIDS, hepatitis C coinfection) or established risk factors for comorbid disease (ethnicity, obesity, tobacco use, alcohol use, relevant family history, comorbid coronary artery disease/cerebrovascular disease/chronic kidney disease, protease inhibitor exposure). Location of care was included to account for potential variability between the 2 settings. Because this was a cross-sectional study, duration of follow-up was included to account for potential differences in the opportunity to develop comorbid disease over the study period. Final models included variables selected for their [a priori] theoretical/clinical relevance and/or empirical evidence found on bivariate testing. Hosmer and Lemeshow goodness-offit testing yielded p90.05 for all χ 2 test statistics for the 3 models, indicating good fits with the data. Similarly, multiple linear regression models for continuous treatment outcomes were constructed and evaluated. In addition to the variables identified above, we considered visit frequency, continuity of care (measured as the percentage of visits to the PCP), mental health diagnosis, illicit substance use, and use of anti-hypertensive/lipid-lowering/diabetes medications. Differences were considered statistically significant at α=0.05; reported confidence intervals are 2-sided.
This study, including waiver of informed consent, received approval from the Institutional Review Board at Montefiore Medical Center and was funded through the New York State Department of Health's Empire Clinical Research Investigator Program. In addition, it was also made possible by CTSA Grants UL1 RR025750, KL2 RR025749, and TL1 RR025748 from the National Center for Research Resources (NCRR), a component of the National Institutes of Health (NIH), and NIH Roadmap for Medical Research. Its contents are solely the responsibility of the authors and do not necessary represent the official view of the NCRR or NIH.
RESULTS

Identification of Subjects.
We identified 446 subjects receiving care at communitybased sites who were eligible for inclusion; complete data from 423 (95%) were obtained. Seven hundred sixty-six potential subjects were identified at the hospital specialty center, and 450 were selected randomly for data collection to create similar sizes between the community and hospital groups. Complete data were obtained for 431 (96%) hospital-based subjects.
Subject Characteristics at Presentation. Table 1 describes demographic and clinical characteristics at initial presentation of all 854 subjects. There were no statistically significant differences in baseline characteristics between subjects receiving care at community-versus hospital-based sites with respect to age, gender, time since HIV diagnosis, hepatitis C coinfection, and antiretroviral (including protease inhibitor) exposure. Mean follow-up time for all subjects was 595 days.
Prevalence of and Risk Factors for Comorbid Disease. Prevalence rates of hypertension, dyslipidemia, and diabetes in our study population were 26% (n = 223), 48% (n = 414), and 13% (n =108), respectively. Furthermore, 517 subjects (61%) had any one of the 3 conditions, 182 (21%) had 2 comorbidities, and 46 (5%) had all 3. Subjects reported high rates of hypertension (32.1%), diabetes (34.3%), and premature cardiovascular disease (16.3%) among immediate family members.
Multivariate analyses revealed several factors which significantly increased the odds of having comorbidity (Table 2) , specifically older age, obesity, relevant family history, and current protease inhibitor use. We found no consistently significant associations between comorbidity and HIV risk factor, hepatitis C coinfection, or current tobacco and/or alcohol use.
Delivery of Comorbidity-Related Care and Treatment Outcomes A. Hypertension. Process of care and treatment outcomes for hypertension are shown in Table 3 . Blood pressures were measured and recorded at approximately 90% of clinical visits, and approximately, 90% of readings were at JNC7-defined goal. Concurrent diabetes, visit frequency, and use of anti-hypertensive medication were the only factors significantly associated with meeting target blood pressure. Although older subjects, men, and obese individuals were less likely to have wellcontrolled blood pressure, none of these associations were statistically significant in our sample. Location of care (hospital-versus community-based) was not a significant predictor of blood pressure outcome.
B. Dyslipidemia. Table 4 shows results of lipid surveillance/screening. Two hundred eight subjects were not on antiretroviral therapy during the study: of these individuals, 126 (60.6%) had a yearly LDL-C measurement. Six hundred forty-six subjects were on cART during the review period; this included 625 subjects who started a new regimen. Four hundred nine (65.4%) of subjects starting new cART had lipids checked within 6 months. Of all 646 subjects on cART (who either started new cART or were already on antiretroviral therapy at baseline), 498 (77.1%) had 
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yearly lipid measurements. Of all LDL-C measurements, 82.6% were at ATPIIIdefined goal. Again, only concurrent diabetes, visit frequency, and medication (lipidlowering therapy) use were significant predictors of lipid control. Subjects on protease inhibitors tended to have less well-controlled cholesterol, although not to a statistically significant degree. Location of care did not predict lipid outcomes.
C. Diabetes. One hundred eight subjects had comorbid diabetes, and the average number of hemoglobin A1c measurements among these subjects was 2.25 per year (Table 5) . Of all A1c measurements, 59% met ADA-defined treatment goal (G7%). Diabetes medication use was the only statistically significant predictor of glucose control among our study sample. Additionally, as mentioned previously, comorbid diabetes was a significant predictor for blood pressure and lipid control: subjects with diabetes had ∼5% fewer blood pressure and ∼20% fewer LDL-C measurements at goal compared to subjects without diabetes (p=0.03 and G0.01, respectively).
DISCUSSION
This study confirms that comorbidities commonly found in the general populationnamely hypertension, dyslipidemia, and diabetes-are prevalent among HIVinfected adults in the Bronx. Such conditions affected 13-48% of our subjects, rates similar to those published from other studies of HIV-infected patients. Our work also demonstrates that many relationships between traditional risk factors and chronic diseases in the general population (e.g., obesity and hypertension) persist for HIV-infected patients. Furthermore, although much has been made of the contribution of antiretroviral therapy toward development of these conditions, our study indicates that the risk conferred by traditional factors is often comparable toand occasionally greater than-that due to antiretroviral therapy. For example, the degree of association between older age and diabetes was twice that of the association between protease inhibitor use and diabetes. Obesity also emerged as a relatively strong predictor for comorbidity and with a striking prevalence of 27% in our population. Given the growing epidemic of obesity among HIV-infected patients in the United States 16 and the role of obesity in cardiovascular-related disease development, this will undoubtedly become an important topic both for future research and for clinicians when counseling patients.
Finally, our results indicate that guideline-based recommendations for comorbidity-related disease monitoring and treatment goals are inconsistently met in HIVinfected patients. Approximately 90% of blood pressure recommendations were met, 60-85% of lipid-related goals were achieved, and only 60% of hemoglobin A1c results were at target. These outcomes are similar to findings from other samples of HIV-infected patients: less than 60% of adults initiated on cART received timely lipid screening in a Veterans Administration study, 17 and only 54% of patients with diabetes at a Chicago HIV specialty clinic had hemoglobin A1c G7%.
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Although such findings are likely due to multiple factors, systems-related causes may play a role in process of care measures. Patients likely get blood pressure checked more routinely because it is often done by support/nursing staff at the beginning of each medical visit. This is in contrast to lipid and hemoglobin A1c testing which must be provider-initiated. Insufficient screening and monitoring may result in lost opportunities for patient education and timely treatment. Therefore, systems-based interventions that improve disease monitoring are important and modifiable areas of focus. Electronic medical record systems may offer particular benefit when designing strategies to improve healthcare delivery: electronic "alerts" or clinical flow sheets can be created to notify providers when labs are due. Additionally, point-of-care clinical decision support (i.e., specific disease management guidelines and algorithms) can be incorporated into electronic health systems and possibly lead to improved treatment outcomes. Despite inconsistencies in comorbidity-related care and outcomes, our findings suggest that blood pressure and cholesterol are actually better controlled in HIV-infected patients compared with uninfected patients. Results from large, population-based studies such as NHANES suggest that only 30% of the general population is at target blood pressure, 18 and approximately 40% of patients enrolled in primary medical care are at goal LDL-C. 19 In contrast, glycemic control in HIV-infected patients with diabetes does not seem to differ remarkably from that in uninfected diabetics. 20, 21 Although our blood pressure and lipid outcomes may not be representative of all clinics/providers and patient populations, it is possible that hypertension and dyslipidemia are followed more closely in HIV-infected patients. This is likely due to more frequent outpatient visits and lipid testing, and possibly differences in provider awareness and prescribing practices.
This research has several limitations. First, our disease outcomes do not reflect long-term, major clinical events: rather, they reflect cardiac risk control and should be interpreted cautiously as such. Our outcomes also involve a complex interplay of factors that the data do not directly and/or comprehensively capture. For example, we could not measure patient adherence to anti-hypertensive/lipid-lowering/diabetes medications because this was inconsistently assessed and documented. Our results may therefore be of limited clinical application-particularly for the development of interventions to improve treatment outcomes. Finally, it is still relatively unknown whether the progression of comorbid disease (especially hypertension and diabetes) among HIV-infected patients differs from that in uninfected individuals. It is also largely unknown whether treatment response to blood pressure/lipid/diabetes medications is affected by HIV itself. Until this is further clarified, it will be difficult to determine whether "sub-optimal" treatment outcomes reflect patient, provider, system, or disease-related factors.
In conclusion, this study confirms that: (1) hypertension, dyslipidemia, and diabetes are prevalent among people with HIV and that (2) both traditional and HIV-related factors contribute to their prevalence. However, (3) comorbidityspecific treatment goals are met to a variable degree among infected patients. Experts believe that effective treatment of chronic comorbid diseases in HIVpositive patients will reduce the risk of major conditions associated with mortality in the decades to come. 22 Because cardiovascular risk in particular is modifiable through prevention and effective treatment, successful management of HIV-infected patients with cardiovascular-related conditions could improve health outcomes in this medically vulnerable population. Central to this is the recognition that comprehensive, coordinated, and accessible primary care will be increasingly important for HIV-infected populations. Patients, providers, and health systems alike will benefit from further work on how primary care and chronic disease management is implemented for infected patients in the current era of HIV treatment.
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